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Summary
Background:  Shoulder  resurfacing  arthroplasty  was  introduced  in  Scandinavia  in  the  early  1980s
then developed  by  SA  Copeland.
Hypothesis:  Resurfacing  prostheses  restore  the  normal  anatomy  of  the  proximal  humerus.  Here,
our objective  was  to  evaluate  humeral  resurfacing  prosthesis  position  on  radiographs  and  com-
puted tomography  (CT)  images.
Materials  and  methods:  We  retrospectively  reviewed  42  consecutive  cases  seen  at  a  single
centre between  2004  and  2009.  Mean  patient  age  was  65  years.  CT  was  performed  routinely
before prosthesis  implantation  and  at  re-evaluation.  The  Copeland  Mark  III® (Biomet  France
SARL, 26903  Valence,  France)  implant  was  used  in  32  cases  and  the  Aequalis  Resurfacing  Head®
(Tornier  France,  38334  Saint-Ismier,  France)  in  10  cases.  The  post-implantation  CT  images  were
used to  measure  the  angle  of  inclination,  medial  humeral  offset,  lateral  glenohumeral  offset,
and version  of  the  implant.
Results:  Mean  follow-up  was  18  months.  Compared  to  baseline,  no  signiﬁcant  changes  were
found at  re-evaluation  for  the  angle  of  inclination  or  lateral  glenohumeral  offset.  In  contrast,
medial humeral  offset  increased  by  3.47  mm,  and  excessive  anteversion  of  4.23◦ compared  to
the bicondylar  line  was  noted.
Discussion:  Humeral  head  resurfacing  prostheses  restore  the  overall  anatomy  of  the  proximal
humeral head.  Our  CT  scan  evaluation  protocol  seems  reproducible  and  enables  an  evaluation
of implant  geometry.  In  our  experience,  resurfacing  arthroplasty  restored  the  native  humeral
offset. Inadequate  retroversion  was  noted  and  was  probably  related  to  insufﬁcient  exposure
during surgery.
Level  of  evidence:  Level  IV,  ret
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Introduction
Shoulder  resurfacing  arthroplasty  (SRA)  has  the  theoreti-
cal  advantages  of  respecting  humeral  head  anatomy  and
preserving  humeral  bone  stock,  which  would  be  expected
to  promote  favourable  glenohumeral  kinetics  and  optimal
periarticular  muscle  function.  The  simplicity  of  the  implant
and  ancillary  instruments  might  seem  to  suggest  an  easy
and  reproducible  technique.  However,  during  implantation,
challenges  may  arise  when  attempting  to  ensure  optimal
implant  position  (varus  or  valgus,  implant  version,  or  late-
ral  offset).  SRA  was  introduced  in  Scandinavia  in  the  early
1980s  [1]  but  was  subsequently  developed  by  S.  Copeland
[2—9]  and  evaluated  in  clinical  studies  of  patients  with  a
variety  of  shoulder  disorders.
The  Mark  I® implant  was  made  of  titanium  and  had  a
central,  smooth,  perforated  peg  that  was  secured  with  a
screw  inserted  through  the  lateral  aspect  of  the  proximal
humerus  to  exert  compression  and  prevent  rotation,  as  no
cement  was  used.  This  design  was  associated  with  loosen-
ing  and  migration  and  was  therefore  discarded  in  the  early
1990s.  Mark  II® was  a  cobalt-chromium  prosthesis  that  had
a  central,  cone-shaped,  grooved,  press-ﬁt  post.  The  next
improvement  consisted  in  adding  a  hydroxyapatite  coat  to
the  concave  surface  of  the  implant  to  improve  stability  and
promote  bone  integration  (Mark  III®).  The  various  implant
dimensions  were  selected  based  on  radiographic  studies  of
normal  and  osteoarthritic  cadaver  shoulders  and  followed
anatomic  rules  as  opposed  to  mathematical  rules  [6,10]. At
present,  many  resurfacing  prosthesis  models  are  available.
They  were  developed  in  part  based  on  anatomic  prosthe-
sis  design  using  the  criteria  developed  by  Pearl  and  Kurutz
[11—14].
In  the  orthopaedics  A  department  (Prof.  Mestdagh  and
Prof.  Maynou)  of  the  Lille  Teaching  Hospital,  Lille,  France,
SRA  has  been  used  since  2004.  The  objective  of  this  study
was  to  determine  whether  SRA  restored  the  native  proximal
humeral  anatomy,  as  assessed  using  computed  tomography
(CT)  measurements.
Material and methods
Patients
We  retrospectively  reviewed  the  charts  of  47  consecutive
patients  (including  three  with  bilateral  arthroplasty)  who
underwent  SRA  at  a  single  centre  between  2004  and  2009.
Seven  different  surgeons  performed  the  procedures.  There
were  no  exclusion  criteria.  All  patients  were  to  be  re-
evaluated  by  an  independent  assessor.
A  clinical  re-evaluation  was  performed  in  39  patients;
one  patient  was  lost  to  follow-up  and  seven  either  were  too
ill  or  lived  too  far  away  to  travel  to  our  centre.  Of  these
39  patients,  three  underwent  bilateral  SRA:  thus,  the  study
included  42  shoulders.  There  were  25  women  and  14  men
with  a  mean  age  of  65  years  (range,  45—83  years)  at  surgery.
The  dominant  side  was  affected  in  24  cases  and  the  non-
dominant  side  in  18  cases.
A  history  of  surgery  was  noted  for  only  two  shoulders.
Open  repair  of  the  rotator  cuff  tendon  had  been  performed
3  years  earlier  in  a  woman  whose  CT  scan  performed  before
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RA  showed  an  intact  cuff.  In  a  male  patient,  a  comminuted
xtra-articular  fracture  of  the  proximal  third  of  the  humerus
0  years  earlier  had  been  treated  with  screw-plate  ﬁxation
nd  autologous  bone  grafting.
perative  technique
emplates  and  radiographs  of  appropriate  scale  were  rou-
inely  used  to  plan  the  procedure.
The  patient  was  in  the  beach-chair  position.  The  del-
opectoral  approach  was  used  in  all  cases.  The  subscapularis
endon  was  divided  1  cm  from  its  implantation  on  the  lesser
uberosity.  The  long  head  of  the  biceps  brachii  muscle  was
ivided  in  38  (90.5%)  cases;  in  the  remaining  four  cases,
enodesis  in  the  bicipital  groove  was  performed.  Peripheral
steophytes  were  removed  routinely  to  allow  accurate  deﬁ-
ition  of  the  neck  of  the  humerus.  The  anterior  humeral
ircumﬂex  vessels  were  exposed  and  preserved.  The  drill
uide  was  positioned  using  the  positioning  phantom  with-
ut  ﬂuoroscopy.  The  angle  of  inclination  of  the  prosthesis
as  assessed  relative  to  the  anatomic  neck  and  implanta-
ion  site  of  the  deep  supraspinatus  tendon  ﬁbres.  Implant
ersion  was  evaluated  relative  to  the  axis  of  the  forearm.
No  procedures  were  performed  on  the  glenoid  cavi-
y.  A  single  patient  required  a  complementary  procedure,
hich  consisted  in  repair  of  an  isolated  distal  tear  of  the
upraspinatus  tendon,  without  tendon  retraction.
The  underlying  aetiologies  were  distributed  as  follows:
 primary  glenohumeral  osteoarthritis  (GHOA)  in  33  (78.6%)
cases,  including  16  stage  4,  13  stage  3,  and  four  stage  2
in  the  modiﬁed  Samilson  and  Prieto  classiﬁcation  [15];
 avascular  necrosis  (AVN)  in  the  absence  of  trauma  in  four
(9.5%)  cases,  including  three  stage  3  and  one  stage  4  in
the  Arlet  and  Ficat  classiﬁcation  as  modiﬁed  by  Cruess
[16];
cuff  tear  arthropathy  (CTA)  complicating  massive  cuff
tears  in  four  (9.5%)  cases,  all  of  which  were  stage  V  in
the  Hamada  classiﬁcation  scheme  [17], with  alterations
in  glenoid  cavity  bone  stock  that  precluded  implantation
of  a  glenoid  component;
rheumatoid  arthritis  (RA)  in  1  case.
A  Mark  III® implant  was  used  in  32  cases  and  an  Aequalis
esurfacing  Head® implant  in  10  cases.  The  Mark  III® implant
as  made  of  a  chromium-cobalt  alloy  with  a  coat  of  hydro-
yapatite  over  the  concave  surface  and  was  intended  for
mplantation  without  cement.  Five  sizes  were  available.
he  radius  of  curvature  of  the  implants  used  was  50  mm.
s  implant  size  was  determined  based  on  anatomic  factors,
s  opposed  to  a  mathematical  rule,  variable  diameter  dif-
erences  occurred  from  one  size  to  the  next.  The  Aequalis
esurfacing  Head® was  also  made  of  a  chromium-cobalt
lloy  and  intended  for  cementless  implantation.  Twelve  sizes
ere  available,  with  cap  diameters  ranging  from  37  to  54  mm
nd  two  available  heights  for  the  three  largest  diameters.
eg  length  was  30,  35,  or  40  mm  depending  on  cap  size.
ap  dimensions  were  identical  to  those  of  Aequalis  humeral
eads  for  hemiarthroplasty.  Mean  difference  in  diameter
rom  one  size  to  the  next  was  2  mm.  Primary  ﬁxation  was
nsured  by  a  cone-shaped  tri-ﬁn  peg  and  a  diamond-shaped
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acrotexture  of  the  concave  surface  with  an  overlying  coat
f  hydroxyapatite.
mplant  geometry  assessment  methods
efore  and  after  SRA,  three  anteroposterior  radiographs
ere  obtained,  in  neutral,  external,  and  internal  rotation,
espectively,  as  well  as  a  scapular  Y-view.  Postoperative
adiographs  were  examined  for  the  following:
 a  lucent  line  around  the  implant,  classiﬁed  depending  on
thickness  (<  1  mm,  1—2  mm,  and  >  2  mm)  and  location;
 subchondral  sclerosis  or  geodes  on  the  glenoid  side  of  the
joint;
implant  migration;
 and,  on  the  anteroposterior  view  in  neutral  rotation,  the
angle  of  inclination  of  the  implant  relative  to  the  axis  of
the  diaphysis,  measured  as  the  angle  formed  by  the  line
through  the  implant  peg  (line  P)  and  the  diaphyseal  axis
(line  D)  (Fig.  1).
CT-arthrography  was  performed  preoperatively  in  38
90.5%)  patients.  The  remaining  four  patients  underwent
oth  preoperative  CT  without  contrast  injection  and  ultra-
onography.  Findings  from  these  imaging  studies  included
otator  cuff  tears  [18]  in  eight  (19%)  cases,  with  two  isolated
upraspinatus  tears  (distal  Type  1  without  fatty  inﬁltration
19]),  two  tears  involving  both  the  supraspinatus  and  the
nfraspinatus  (intermediate  type  2  tears  with  fatty  inﬁltra-
ion  grade  2  and  4,  respectively),  and  four  massive  tears  of
he  supraspinatus,  infraspinatus,  and  subscapularis  (type  3
etraction  with  grade  4  fatty  inﬁltration).
Glenoid  morphology  was  evaluated  in  the  horizontal
lane  according  to  Badet  et  al.  [20]  and  in  the  coronal  plane
igure  1  Measurement  of  implant  inclination  on  the  antero-
osterior  radiograph  in  neutral  rotation  as  the  angle  between
ine P  through  the  implant  peg  and  line  D  along  the  diaphyseal
xis.
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ccording  to  Favard  et  al.  [21,22],  on  both  the  preoperative
nd  the  postoperative  images.
The  preoperative  CT  images  were  used  to  evaluate  the
arameters  listed  below:
cervicodiaphyseal  angle  or  angle  of  inclination  of  the
humeral  head  relative  to  the  diaphysis.  We  selected  the
CT  section  on  which  visibility  of  the  diaphyseal  axis  (line
D)  was  optimal  then  the  CT  section  on  which  the  anatomic
neck  was  best  deﬁned.  We  traced  a  line  (line  A)  perpen-
dicular  to,  and  through  the  middle  of,  the  anatomic  neck.
Using  digitised  images  and  the  copy-paste  function,  we
artiﬁcially  superimposed  the  two  lines  to  obtain  an  accu-
rate  measurement  of  the  cervicodiaphyseal  angle  (Fig.  2);
 medial  humeral  offset,  or  distance  between  the  centre  C
of  the  humeral  head  and  the  diaphyseal  axis.  Using  the  CT
section  on  which  the  entire  humeral  head  was  visible,  we
identiﬁed  point  C  by  tracing  a  circle  following  the  humeral
head  contours  on  the  computer.  The  diaphyseal  axis  (line
D)  was  traced  on  the  section  on  which  it  was  visible  most
clearly,  and  the  line  through  C  and  perpendicular  to  line
D  was  traced.  We  then  used  the  computer  to  superim-
pose  these  two  lines.  The  distance  between  C  and  line
D  along  the  perpendicular  line  accurately  reﬂected  the
medial  humeral  offset  (Fig.  3);
 lateral  glenohumeral  offset  deﬁned  as  the  distance
between  the  most  lateral  edge  of  the  coracoid  process
(line  C)  and  the  most  lateral  edge  of  the  greater  tuberos-
ity  (line  T)  on  axial  CT  sections.  Line  C  was  traced  on  the
section  on  which  the  lateral  part  of  the  coracoid  process
was  most  clearly  visible  (Fig.  4)  and  line  T  on  the  sec-
tion  where  the  greater  tuberosity  was  most  clearly  visible.
Line  T  was  the  line  running  perpendicular  to  the  section
plane  and  through  the  most  lateral  edge  of  the  greater
tuberosity.  As  with  the  previous  two  measurements,  we
superimposed  the  two  lines  (here,  C  and  T)  on  the  same
image,  traced  the  line  perpendicular  to  lines  C  and  T,  and
igure  2  Measurement  of  the  cervicodiaphyseal  angle  as  the
ngle between  line  D  along  the  diaphyseal  axis  and  line  A  along
he axis  of  the  humeral  head.
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Figure  3  Measurement  of  medial  humeral  offset  as  the  short-
est distance  between  the  centre  of  a  circle  having  the  same
Figure  5  Measurement  of  lateral  glenohumeral  offset  as  the
shortest  distance  between  line  T  through  the  most  lateral  edge
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•radius of  curvature  as  the  humeral  head  (C)  and  the  diaphyseal
axis (line  D).
measured  the  distance  separating  lines  C  and  T,  which  was
equal  to  the  lateral  glenohumeral  offset  (Fig.  5);
•  humeral  head  version  relative  to  the  biepicondylar  line
could  not  be  measured  preoperatively,  given  the  marked
heterogeneity  of  the  CT  scans,  some  of  which  were  per-
formed  in  ofﬁce  practices.
CT  was  routinely  performed  after  SRA,  using  a  strict  pro-
tocol:
•  no  contrast  agent  injection;
Figure  4  Tracing  line  C  through  the  most  lateral  edge  of  the
coracoid  process.
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tf the  greater  tuberosity  and  line  C  through  the  most  lateral
dge of  the  coracoid  process.
 visualisation  of  the  entire  glenohumeral  and  acromiocla-
vicular  joints  and  ﬁeld  extending  to  the  deltoid  V;
 use  of  bony  windows  and  soft  tissue  windows;
 0.5-mm  slices;
 arm  in  neutral  rotation;
 and  acquisition  of  images  of  the  distal  humerus  on  the
operated  side  for  calculation  of  implant  retroversion.
The  CT  evaluation  included  an  assessment  of  glenoid
avity  geometry  in  the  coronal  and  horizontal  planes,
etection  of  prosthesis  loosening,  and  evaluation  of  bone
ehaviour  within  the  implant.  The  angle  of  inclination  of
he  implant  (Fig.  6),  medial  offset  (Fig.  7),  and  lateral
ffset  (Fig.  8)  were  measured  as  described  above  for  the
igure  6  Measurement  of  implant  inclination  on  computed
omography  images.
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Figure  7  Measurement  of  medial  humeral  offset  on  computed
tomography  images  at  last  follow-up.
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Figure  9  Measurement  of  implant  inclination  as  the  angle
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aigure  8  Measurement  of  lateral  glenohumeral  offset  on  com-
uted tomography  images  at  last  follow-up.
reoperative  evaluation.  Implant  version  was  measured  rel-
tive  to  the  biepicondylar  line  (Fig.  9)  as  the  angle  between
ine  F  through  the  axis  of  the  implant  peg  and  line  G  repre-
enting  the  biepicondylar  axis.
tatistical  analysis
uantitative  variables  were  compared  using  Student’s  t test
or  paired  samples  and  qualitative  variables  using  Fisher’s
est.  The  Wilcoxon  test  was  used  to  compare  continuous
ariables.  Values  of  p  smaller  than  0.05  were  considered
igniﬁcant.
We  used  the  Fleiss  method  to  evaluate  the  reproducibility
f  the  postoperative  measurements,  which  were  performed
y  two  observers  working  independently  of  each  other  (one
enior  surgeon  and  one  senior  radiologist).  The  four  CT  scan
easurements  were  reproducible,  with  R-values  of  0.98  for
w
r
(
Eetween  line  G  along  the  biepicondylar  axis  and  line  F  along
he implant  peg  axis.
nclination,  0.98  for  medial  humeral  offset,  0.94  for  lateral
lenohumeral  offset,  and  0.99  for  version.  Therefore,  for
he  remainder  of  the  study  we  used  the  mean  of  the  values
btained  by  the  two  observers.
esults
adiographic  and  CT  ﬁndings
ean  follow-up  was  18  months  (range,  2.6—57  months).
The  radiographs  obtained  at  re-evaluation  showed  no
eriprosthetic  lines  or  evidence  of  implant  migration.
he  comparison  of  radiographs  obtained  preoperatively
nd  at  last  follow-up  showed  no  osteolysis  or  macro-
eodes  in  the  glenoid  cavity.  Mean  implant  inclination  on
nteroposterior  radiographs  in  neutral  rotation  was  131.52◦
range,  98◦—156◦).
In  a  patient  who  reported  persistent  pain  at  last  follow-
p,  CT  at  re-evaluation  disclosed  microgeodes  in  the  glenoid
avity  that  were  not  visible  on  the  standard  radiographs.  The
mplant  backing  generated  an  abundance  of  noise  that  pre-
luded  an  evaluation  of  bone  structure  under  the  implant.
ccording  to  the  Badet  et  al.  classiﬁcation  scheme  [20],
lenoid  cavity  morphology  before  SRA  was  A1  in  22  (52.4%)
ases,  A2  in  14  (33.3%)  cases,  B1  in  four  (9.5%)  cases,  and
2  in  two  (4.8%)  cases.  After  SRA,  glenoid  cavity  morpho-
ogy  was  A1  in  19  (45.2%)  cases,  A2  in  20  (47.6%)  cases,
nd  B1  in  three  (7.2%)  cases.  Three  of  the  A1,  one  of  the
1,  and  both  B2  glenoid  cavities  were  A2  at  re-evaluation.
reoperatively,  glenoid  cavity  wear  in  the  coronal  plane
ccording  to  the  Favard  et  al.  classiﬁcation  scheme  [21,22]
as  E0  in  20  (47.6%)  cases  and  E1  in  22  (52.4%)  cases.  At
e-evaluation,  wear  was  E0  in  15  (35.7%)  cases  and  E1  in  27
64.3%)  cases  (ﬁve  of  the  initially  E0  glenoid  cavities  were
1  at  re-evaluation).
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Table  1  Computed  tomography  measurements  obtained  in  our  study.
Preoperatively  Last  follow-up  Difference  P  value
Inclination  129.79◦ 129.09◦ −0.70  mm  0.5406NS
Medial humeral  offset  4.05  mm  7.52  mm  +3.47  mm  <  0.0001
Lateral gleno-humeral  offset  49.08  mm  49.28  mm  +0.20  mm  0.8505NS
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Mean  humeral  head  inclination  before  SRA  as  mea-
sured  on  CT  images  was  129.79◦ (range,  110◦—142◦).
Mean  implant  inclination  at  re-evaluation  was  129.09◦
(range,  106.85◦—142.5◦).  The  difference  between  the  pre-
operative  and  postoperative  angles  of  inclination  was  not
statistically  signiﬁcant  (Table  1).
Mean  medial  humeral  head  offset  increased  signiﬁcan-
tly,  from  4.05  mm  (range,  1—10  mm)  before  SRA  to  7.52  mm
(range,  2.1—14.45  mm)  at  re-evaluation  (P  <  0.0001).  The
increase  was  3.47  mm  (range,  −2.9  to  +13.45  mm).
Mean  lateral  glenohumeral  offset  was  49.08  mm
(range,  30—63  mm)  before  SRA  and  49.28  mm  (range,
33.2—66.25  mm)  at  re-evaluation.  The  difference  was  not
statistically  signiﬁcant.
Mean  implant  version  relative  to  the  biepicondylar  line
was  4.23◦ (range,  −35◦ to  +36◦).  The  statistical  analysis
showed  no  signiﬁcant  correlation  between  implant  version
and  the  other  CT  measurements  obtained  for  this  study.
Discussion
In  our  experience,  implants  designed  for  humeral  head
resurfacing  respected  the  native  angle  of  inclination  and
lateral  glenohumeral  offset  and  restored  the  native  medial
humeral  offset.
A theoretical  advantage  of  shoulder  resurfacing  implants
is  preservation  of  proximal  humeral  anatomy,  which  is  known
to  vary  widely  across  individuals.  The  result  is  good-quality
glenohumeral  kinetics  via  preservation  of  the  force  couples
of  the  periarticular  muscles.  Additional  potential  advan-
tages  of  resurfacing  implants  include  expected  simplicity
of  the  surgical  procedure,  bone  stock  preservation,  ease  of
revision  surgery  if  needed,  and  absence  of  cementing.  SRA
usually  consists  in  a  hemiarthroplasty,  as  preservation  of  the
humeral  head  complicates  access  to  the  glenoid  cavity.
The  objective  of  our  study  was  to  evaluate  resurfac-
ing  implant  position  via  geometric  measurements  performed
on  CT  images.  To  our  knowledge,  this  is  the  ﬁrst  CT  study
designed  to  investigate  whether  resurfacing  implants  allow
preservation  of  the  native  anatomy.
Biological  resurfacing  of  the  glenoid  cavity  has  been  eva-
luated  by  a  few  authors,  with  conﬂicting  results.  Although
Krishnan  et  al.  [23]  advocated  the  use  of  an  allogeneic
calcaneal  tendon  graft,  many  studies  [24—26]  showed
increased  glenoid  cavity  wear  regardless  of  the  type  of  graft
(allogeneic  lateral  meniscus,  autologous  fascia  lata,  or  inter-
position  of  the  anterior  joint  capsule).  In  our  study,  none  of
the  patients  underwent  biological  glenoid  cavity  resurfac-
ing,  as  this  procedure  has  not  been  proven  effective  and
f
r
t4.23◦
reates  considerable  technical  challenges  given  the  limited
urgical  access.
The radiographic  behaviour  of  resurfacing  implants
oated  with  hydroxyapatite  seems  satisfactory.  Levy  and
opeland  [7,8]  found  no  radiological  lines  or  evidence
f  loosening  around  Mark  III® implants,  in  keeping
ith  reports  by  Mullet  et  al.  [9]  and  Raiss  et  al.
27].  In  a  case-series  of  56  Mark  III® SRAs,  Thomas
t  al.  [10]  detected  radiolucent  lines  beneath  three
mplants,  including  one  with  loosening.  In  keeping  with
arlier  data,  the  absence  of  radiolucent  lines  after
8  months  of  follow-up  in  our  study  suggested  good
one  integration  of  the  implant.  The  artefacts  gener-
ted  by  the  shape  and  cobalt-chromium  alloy  compo-
ition  of  the  implant  precluded  an  evaluation  of  bone
issue  behaviour  under  the  cap.  An  optimised  ima-
ing  protocol  involving  adjustments  of  the  ﬁlters  and  slice
hicknesses  might  improve  bone  tissue  visualisation  under
he  cap.
CT  evaluation  of  glenoid  cavity  wear  showed  a  slight
ncrease  in  A2  cavities  (from  33.3  to  47.6%)  and  disap-
earance  of  the  two  B2  cavities.  In  the  coronal  plane,  the
roportion  of  E1  glenoid  cavities  increased  from  52.4  to
4.3%.  These  results  reﬂect  concentric  wear  of  the  glenoid
avity  to  adapt  to  the  humeral  cap.
In  a  study  of  39  SRAs  with  a  follow-up  of  38  months,
homas  et  al.  [28]  found  a  5-mm  increase  in  medial  humeral
ffset.  Lateral  humeral  offset  was  increased  by  6  mm  on  the
ostoperative  radiographs  and  4  mm  at  last  follow-up.  How-
ver,  there  was  evidence  of  systematic  measurement  error
elated  to  difﬁculties  in  locating  the  base  of  the  coracoid
rocess  used  as  a  ﬁxed  landmark.  Humeral  offset  failed  to
orrelate  with  clinical  outcomes.  In  the  radiographic  study
y  Coutié  and  Mansat  [29], 31  SRAs  were  re-evaluated  after
2  months.  Humeral  offset  increased  by  1.9  mm  and  the
ngle  of  inclination  of  the  head  decreased  from  127◦ to  119◦.
he  lateral  view  was  insufﬁciently  reproducible  to  allow
n  evaluation  of  implant  version.  Ohl  et  al.  [30]  studied
9  hemiarthroplasties  with  follow-ups  longer  than  2  years,
ncluding  13  SRAs.  On  standard  radiographs,  lateral  gleno-
umeral  offset  was  measured  as  the  distance  between  the
ateral  edge  of  the  greater  tuberosity  and  the  base  of  the
oracoid  process.  In  the  overall  population,  lateral  gleno-
umeral  offset  showed  a  mean  increase  of  2.7  mm  between
he  preoperative  and  immediate  postoperative  radiographs.
nfortunately,  this  parameter  was  not  available  at  last
ollow-up.
Our  CT  study  results  are  consistent  with  those  of  earlier
adiographic  studies.  Advantages  of  our  CT  method  include
he  excellent  interobserver  reproducibility  and  ability  to
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easure  implant  version.  The  main  limitation  of  our  study  is
he  absence  of  measurement  of  humeral  head  version  before
RA.
We  found  no  signiﬁcant  differences  between  the  pre-
perative  and  postoperative  values  of  implant  inclination
nd  lateral  humeral  offset.  Implant  inclination  in  the
oronal  plane  was  129.79◦ preoperatively  and  129.09◦ post-
peratively  (in  agreement  with  the  mean  inclination  of
31.52◦ on  standard  radiographs).  Lateral  glenohumeral
ffset  was  49.08  mm  preoperatively  and  49.28  mm  post-
peratively,  indicating  perfect  preservation  of  humeral
ead  inclination  and  of  the  lever  arm  of  the  periarticular
uscles,  which  guarantee  satisfactory  glenohumeral  kine-
ics.
After  SRA,  we  found  anteversion  of  the  implant,  with
 mean  of  4.23◦.  This  value  cannot  be  compared  to  the
reoperative  version  of  the  head,  as  the  preoperative  CT
rotocol  did  not  include  sections  through  the  biepicondylar
ine.  Although  cephalic  version  shows  considerable  interindi-
idual  variability  [31,32],  the  anteversion  noted  in  our  study
s  probably  ascribable  to  a  technical  deﬁciency  related  to
nadequate  surgical  exposure.  The  deliberate  minimisation
f  the  surgical  incision  and  preservation  of  the  anterior
ircumﬂex  pedicle  may  explain  the  limited  exposure  and
bsence  of  implant  retroversion.
Mean  medial  humeral  offset  increased  by  3.47  mm.  One
ossible  explanation  is  inadequate  reaming  of  the  humeral
ead.  Another  is  restoration  of  the  native  medial  offset
reviously  decreased  due  to  wear  of  the  humeral  head
artilage.  Finally,  the  increase  in  medial  humeral  offset
ay  be  related  to  a  cap  that  is  too  large  or  inadequately
mpacted,  although  the  absence  on  radiographs  and  CT  scans
f  linear  lucencies  or  loosening  argues  against  this  possibi-
ity.
Several  factors  may  explain  the  discrepancy  between  the
tability  of  the  lateral  glenohumeral  offset  and  the  increase
n  the  medial  humeral  offset.  Glenoid  cavity  wear  can  result
n  stabilisation  of  lateral  glenohumeral  offset  despite  an
ncrease  in  medial  humeral  offset.  Follow-up  in  our  study
as  too  short  to  assess  this  possibility,  although  most  of  the
lenoid  cavities  showed  concentric  wear  (A2)  at  last  follow-
p.  A  longer-term  study  would  be  needed  to  evaluate  this
ypothesis.  Another  possibility  involves  the  position  of  the
reater  tuberosity  during  CT  image  acquisition.  This  position
ay  be  affected  by  the  position  of  the  arm  (most  notably
efore  SRA)  or  by  the  excessive  version  of  the  implants  in
ur  study,  with  a  decrease  in  lateral  glenohumeral  offset  as
 result.
In conclusion,  our  CT  evaluation  protocol  seems  repro-
ucible  and  allows  an  accurate  assessment  of  the  main
eometric  characteristics  of  shoulder  resurfacing  implants.
n  our  experience,  SRA  respected  the  native  anatomy  in
erms  of  inclination  and  lateral  glenohumeral  offset  and
estored  the  native  medial  humeral  offset.  The  inadequate
etroversion  in  our  study  is  probably  ascribable  to  insufﬁ-
ient  exposure  during  surgery.isclosure of interest
he  authors  declare  that  they  have  no  conﬂicts  of  interest
oncerning  this  article.
[J.-Y.  Deladerrière  et  al.
eferences
[1] Rydholm U. Humeral head resurfacing in the rheumatoid shoul-
der. Tech Orthop 2003;18:267—71.
[2] Copeland SA, Levy O, Brownlow HC. Resurfacing arthroplasty
of the shoulder. Tech Shoulder Elbow Surg 2003;4(4):199—210.
[3] Copeland SA. The continuing development of shoulder replace-
ment ‘‘reaching the surface’’. J Bone Joint Surg (Am)
2006;88-A(4):900—5.
[4] Levy O, Sfora G, Copeland SA. Cementless surface replacement
arthroplasty of the shoulder (CSRA) in young patients of 50
years or less. J Bone Joint Surg (Br) 2001;83-B(Suppl. 3):304.
[5] Levy O, Copeland SA. Cementless surface replacement arthro-
plasty of the shoulder. 5- to 10-year results with the Copeland
Mark-2 prosthesis. J Bone Joint Surg (Br) 2001;83(2):213—21.
[6] Levy O, Funk L, Sforza G, Copeland SA. Copeland surface
replacement arthroplasty of the shoulder in rheumatoid arthri-
tis. J Bone Joint Surg (Am) 2004;86-A(3):512—8.
[7] Levy O, Copeland SA. Cementless surface replacement arthro-
plasty (Copeland CSRA) for osteoarthritis of the shoulder. J
Shoulder Elbow Surg 2004;13(3):266—71.
[8] Levy O, Copeland S. Résultats des prothèses de resurfac¸age
dans l’omarthrose primitive et l’arthrite rhumatoïde. In: Pro-
thèses d’épaule. État actuel. Paris: Elsevier Masson; 2008. p.
232—42.
[9] Mullett H, Levy O, Raj D, Even T, Abraham R, Copeland SA.
Copeland surface replacement of the shoulder. Results of an
hydroxyapatite-coated cementless implant in patients over 80
years of age. J Bone Joint Surg (Br) 2007;89(11):1466—9.
10] Thomas SR, Wilson AJ, Chambler A, Harding I, Thomas M. Out-
come of Copeland surface replacement shoulder arthroplasty.
J  Shoulder Elbow Surg 2005;14(5):485—91.
11] Pearl ML, Kurutz S. Geometric analysis of commonly used pros-
thetic systems for proximal humeral replacement. J Bone Joint
Surg (Am) 1999;81(5):660—71.
12] Pearl ML, Kurutz S, Robertson DD, Yamaguchi K. Geometric
analysis of selected press ﬁt prosthetic systems for proximal
humeral replacement. J Orthop Res 2002;20(2):192—7.
13] Pearl ML. Proximal humeral anatomy in shoulder arthroplasty:
Implications for prosthetic design and surgical technique. J
Shoulder Elbow Surg 2005;14(1 Suppl. S):99S—104S.
14] Pearl ML, Kurutz S, Postachini R. Geometric variables in
anatomic replacement of the proximal humerus: how much
prosthetic geometry is necessary? J Shoulder Elbow Surg
2009;18(3):366—70.
15] Samilson RL, Prieto V. Dislocation arthropathy of the shoulder.
J Bone Joint Surg (Am) 1983;65(4):456—60.
16] Cruess RL. Osteonecrosis of bone: current concepts as to eti-
ology and pathogenesis. Clin Orthop 1986;208:30—9.
17] Hamada K, Yamanaka K, Uchiyama Y, Mikasa T, Mikasa M. A
radiographic classiﬁcation of massive rotator cuff tear arthri-
tis. Clin Orthop Relat Res 2011;469(9):2452—60.
18] Clavert P, Kempf JF, Moulinoux P. Démembrement des lésions de
la coiffe des rotateurs. In: Arthroscopie. 2e ed. Paris: Elsevier;
2006. p. 332—4.
19] Goutallier D, Postel JM, Bernageau J, Lavau L, Voisin MC. Fatty
muscle degeneration in cuff rupture: pre- and postoperative
evaluation by CT Scan. Clin Orthop 1994;304:78—83.
20] Badet R, Walch G, Boulahia A. L’examen tomodensito-
métrique dans l’omarthrose centrée et primitive. Rev Rhum
1998;65(3):203—10.
21] Favard L, Lautman S, Clement P. Osteoarthitis with massive
cuff-tear: the limitation of its current deﬁnitions. In: Walch
G, Boileau P, editors. Shoulder arthroplasty. Berlin Heidelberg:
Springer-Verlag; 1999.
22] Favard L. L’omarthrose excentrée. In: Walch G, Boileau P, Molé
D, editors. 2000 prothèses d’Épaule. . . recul de 2 à 10 ans.
Montpellier: Sauramps medical; 2001. p. 261—70.
these
[
[
[
[Geometrical  analysis  results  of  42  resurfacing  shoulder  pros
[23] Krishnan SG, Reineck JR, Nowinski RJ, Harrison D, Burkhead
WZ. Humeral hemiarthroplasty with biologic resurfacing of the
glenoid for glenohumeral arthritis. Surgical technique. J Bone
Joint Surg (Am) 2008;90(Suppl. 2):9—19.
[24] Elhassan B, Ozbaydar M, Diller D, Higgins LD, Warner JJ.
Soft-tissue resurfacing of the glenoid in the treatment of gleno-
humeral arthitis in active patients less than ﬁfty years old. J
Bone Joint Surg (Am) 2009;91(2):419—24.
[25] Lee KT, Bell S, Salmon J. Cementless surface replacement
arthroplasty of the shoulder with biologic resurfacing of the
glenoid. J Shoulder Elbow Surg 2009;18(6):915—9.
[26] Wirth MA. Humeral head arthroplasty and meniscal allo-
graft resurfacing of the glenoid. J Bone Joint Surg (Am)
2009;91(5):1109—19.[27] Raiss P, Kasten P, Baumann F, Moser M, Rickert M, Loew M.
Treatment of osteonecrosis of the humeral head with cement-
less surface replacement arthroplasty. J Bone Joint Surg (Am)
2009;91(2):340—9.
[s:  A  CT  scan  study  527
28] Thomas SR, Sforza G, Levy O, Copeland SA. Geometrical
analysis of Copeland surface replacement shoulder arthro-
plasty in relation to normal anatomy. J Shoulder Elbow Surg
2005;14(2):186—92.
29] Coutié AS, Mansat P. Conséquences géométriques des prothèses
de resurfac¸age de l’épaule. In: Le resurfac¸age de l’épaule.
Montpellier: Sauramps medical; 2009. p. 17—21.
30] Ohl X, Nérot C, Saddiki R, Dehoux E. Shoulder hemi arthroplasty
radiological and clinical outcomes at more than two years
follow-up. Orthop Traumatol Surg Res 2010;96(3):208—15.
31] Cassagnaud X, Maynou C, Petroff E, Dujardin C, Mestdagh H. A
study of reproducibility of an original method of CT measure-
ment of the lateralization of the intertubercular groove and
humeral retroversion. Surg Radiol Anat 2003;25(2):145—51.32] Boileau P, Walch G. The three-dimensional geometry of
the proximal humerus. Implications for surgical technique
and prosthetic design. J Bone Joint Surg (Br) 1997;79(5):
857—65.
